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Commissioner for Patents 

P.O.Box 1450 

Alexandria, VA 22313-1450 

Dear Sin 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached 46 
and forms part of this Declaration (Exhibit A). * 7 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
NpTmal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from nonnal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between nonnal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 
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8. 1 hereby declare that all statements made herein of ray own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made arc 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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J. Christopher Grimaldi 



Ave. 

San Francisco, CA 94122 
(415) $81.1639 (Home) 



EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA 



Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Clpning Lab. Currendy focused on. 
^^g cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(oTOP) projects for the Oncology Department as well as Immunologically relevant genes for the 

^^ gy Jr P fT ent - focused on a^any-wTi^melrt 

to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically iniportantcoordination of the cloning of 
toousands of putative genes, by developing a smooth process of communication between the 
Biomformaucs, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discovernovel genes through the Curagen project, a unique differential display methodology 
fateracted extensively with the Legal team providing essential data needed for filing patente on 

ST? 'IT** thTOUgh tbe S¥Dl TAP *** P^^- My group ha! developed, 

implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. curagen projects as 

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in njujtiple projects^hnetrat understanding novel genes discovered through 
bioinformabcs studies and functional assays. Developed and patented a method forme specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression 
cloning, protein purification, general molecular biology, and monoclonal antibody production 
trained and supervised numerous technical staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/9 1. 

Directed plant-related activities, which included expansion planning, maintenance safety 
purchasing, inventory control, shipping and receiving, and laboratory management Desimed 

StlST*?! I* 6 ,*"!? ? r0gram - Ak0 35 Msoa t0 ^atory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements etc 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 



o 



0 



SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(l I; 14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E. coli; Also constructed a general purpose expression 
vector for use by other scientific teams. " 

PUBLICATIONS 

1. Hilary F. Clark, et al. "The Secreted Protein Discovery Initiative (SPD1), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment" Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean R Adams, Clarissa Chui- Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman* "BFTT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical 
Journal. Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 
CW.Schwall RH, Eberhard DA^Rastelli L, Polakis P, and Pennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn. Fund Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar. 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, CJ"). Franklin 
Peale, Apama Draksharapu. David A Lewin, and Mary E. Genitsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6) 
1887-1900,2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F. Robinson DS, Hosken N, Ferlin 
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mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 
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7. Cockayne DA, Muchamuel T, Grimaldi JC, MuUer-Steffner H, Randall TD Lund FE 
Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-nicotinaniide adenine 
dinucleotitfe glycohydrolase CD38 exhibit altered humoral immune responses." Blood Vol. 
'92(4), 1324-33 f 1998 

8. Frances E Lund. Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, j: Christopher 
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Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B 
cells. European Journal of Immunology. Vol. 25(5), 1338-1345, 1995 
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and embiyoid body." Development, Vol. 121(10). 3335-3346. 1995 
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Immunology.Vol. 155(2), 811-817, 1995 
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unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995 
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Tbe t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
JLeukemia Joins the lnterleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher Grim* 

Ottromosomsi translocations have proven to bo Important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
ontctn identity activated proto~oocogene*. Wa have stud- 
led a case of B-ftneage acuta lymphocytic leukemia (ALL) 
tf-»«t was associated with peripheral blood aoslnopWfia. The 
cTiromosomal translocation t(8;14) (q31 ;q32) from this 
satn pto wss cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DMA bleu of the leukemia sample. The restriction 
fragment pattern of normal human DMA IN) and the leukemia 
sample (LI were compared using a human Oh probe. Reerranged 
bands ara Indicated by arrows. Sample t exhibits a single rear- 
ranged band with both Hind 0!/£eoRI end SatdA restriction 
digest*. The rearranged bends ere less Intense then the other 
bands bacauee the majority of ceue In the eample re prat ant normal 
bona marrow elements. 
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translocation Joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region of the interleuUn-3 
(IL-3) gone In opposite tranacriptlonal orientations. The 
data suggest that activation of the 0.-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role In the pathogenesis of this leukemia end the 
associated eosmophiila. 
a 1989 by Grunt A Stratton. Inc. 

protooncogenes, such as c-ntyc and bcl-lP In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;l 4)(q31;q32) 
chromosomal translocation.* 4 This syndrome probably 
occurs in <I% or all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in tbe evolution of ibis 
disease. In this report we demonstrate that tbe interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French- American- 
British (FAB) criteria), peripheral eosinophilia (up (o 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(S;l4)(q31;o32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made 3 Briefly, 
10 fig of htgb molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
Agarose TtL The ga! was stained with ethidiam bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0,1% sodium lauryly sulfate (SDS) and exposed to film. Tbe human 
Jb probe has been previously reported. 4 
Genomic library. Tbe genomic library was made using pub- 
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fished methods. 1 Approximately 100 m of high mo! wt genomic 
DNA were partially digested with the 5«iJA restriction enzyme 
Fragments from 9 to 33 kilobases (kb) to size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 1 

DNA sequencing. Fragmenu for sequencing were cloned into 
Mi 3 vectors and sequenced by the chain termination method using 
Sequent* (United States Biochemical Cleveland). 1 Ail sequence 
data were derived from both strands, 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral cosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31^32) translo- 
cation. These features define a distinctive subtype of ALL. M 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for B1 (CD20), 
B4 (C0I9), cALLA (CDIO), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative fof surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocyttc lineage. 9 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin JJi probe, a single rearranged band was detected by 
ffcoRI, Htndm, Sstl, SaulA, and EcoKl plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig I). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 

Wc hypothesized that the t(5;!4)(q3l;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Saul A 
fragment that was detected by DNA blotting. By this 
analysts, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The FcoRI, HtndlUf EcoRl t and Sstl 
fragmenu from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline, 
configuration. Previously, the gene encoding hematopoietrc**' 
growth factor 1L-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gcne. M1 When the restriction map of human 1L-3 and done 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEU/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RNA of the IL-3 gene. The breakin the IL-3 gene 
occurred in the promotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3AJ The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IW in the same transenp- 

the/ih4 region. Between the two breaks, 25 bp of uncertain tional orientation." Using this information and assuming a 

orii^ (putative N sequent «mpl« translocation event In our sample, we can conclude 

horrotogous to the immunoglobulin heptamer and nonamer that the IL-* gene is normally more centromeric, and the 

couW be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gcne.more telomeric on chromosome 5q (Fig 4) 

nucleic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

IL-3 gene and the IgH gene. The sequence data dearly the centromere. 

showed that the genes were positioned in opposite transcrip- DISCUSSION 

tional orientations (head-to-head). t . . . . 

Available data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

DosHions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to theccniromereof chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

knewn to be positioned with the variable regions toward the tion joined the promotor of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q. 1,J It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

5 ' TACCAGACAAACTCTCATCttnTCCAC?rGGCCTCCTGGCCAC 160 
3 • ATCGTCTGTTTGA^A^CAAGCrrCACCG 



5 ' GTAGTCCAGGTGATGGC^GATGAGATCCCACTCGGCAGGAGGCCTCAGTGAGCTGAGTCAGW 240 

5 ' GGGGTCCTCTCACCTGCKKCATGCTTCCCATCTCTCATCCTCCTTG^ 320 
3 ' CCCCAGGAGAGTCGACGACGGTACGAAGCXTTAGA^ 

********* 

c . TnwiY-TTr.TTTrJVCTGATCTK^GTACTAGAAAGTCATGGATGAATAATTACGT^ 4 e 0 

VSSSSSSSSSSSSSSS^ 480 

vsssssssssss^ 5Gt 

5 ' cCAAACATGAGCCiXCTWCCCTCCTTCTCCrGCTCCAACTCCTG 64 C 

5'AACGTCCOTGAAGACAAGCTGGGTTAAC 3* 668 
3 • TTGCAGGAACTTCTGTTCGACCCAATTG 5* 

♦♦♦♦+♦♦++++++•♦•+++♦♦+++ 

5 ' TGGCCCCACTAGTCAAAGTAGTAGJVGCTAATTCATCATAGCTKGC^TTAGCAGCGTG^CGGCT^C^ 
3 ' ACCGGGCTCATCAGT^KATCATf|TrrBTT^ AGTft^TA^Qft^CCTAATCGTCGCACTGGCCGATGGT 

isssssssssss^ssssissssssssssss^ 
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Fi 9 3* Sequence of WA* JJ^!^^""^" JJ^Lmd on the uxfino etrand.* NudeotMee 39 to 63 aro a putative N reoJoiu The 
NucleotW*. 1 *»£P~ ben (486). tmneedptlon mrt (516). and Initiation 
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Rg4. Diagram of tho translocation. Tho normJ chromosom. 
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Symbols ore denned in Fig 2. BP, breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 genc. ,Ttt This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the c-roj>c gene in some cases of 
Burkina lymphoma." An alternate hypothesis is that the 
elimination of an upstream IL-3 promotor element is crucial 
to the activation of the IL-3 gene. 
The proposed activation of the IL-3 gene suggests that an 

S^aft? ! S imp0rtant for Pathogenesis of this 
leukemia. Over-expression of the IL-3 gone coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B~ lineage lymphocytes 
and B-lineage Jeukemias may express the IL-3 receptor. 21 - 22 

An additional feature of this type of leukemia the 
dramatic eosinophilic consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant done, but are stimulated by the tumor UJ * 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia. 13 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation ha* a 
role in this translocation. 1 W4 This is supported by the break- 
point location at tho 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (beptamer and nonamer) was found 
in this region on chromosome 5 9 'suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is ptobabjy positioned only 14 kbaway (Fig 4). This 
is known to be within the range of enhancer activation. 25 The 
tnter«ettkin-5 (IL-5) gene maps to chromosome 5q31 * 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples. We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophil 

By Timothy C. Meeker, Dan Hatty, Cheryl VVSlman, Thomas Hogan. and John Abrams 



Th» t«5;14)(q31;q32) translocation from B-lineage acuta 
lymphocytic leukemia with aoalnophflia haa been cloned 
from two leukemia aamplea. In both, caaee, tttfa treneloee- 
Hon joined the IgH gene end the lntorieukln-3 (IL-3) gene. In 
ens patient exceee IL-3 roRNA wee produced by the 
leukemic colls. In the eecond patient, eerum HL-3 levels 
were measured and ahown to correlate whh disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogencs, such as 
6ci-2, c-cn/, and c-myc, that are. located adjacent to the 
translocation. u It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eoswophflia, and 
the t(5;14)(q31;q32) translocation.*' Leukemic cells from 
such patients have been positive for terminal deox ynucleotidy I 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukxn-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) transkH 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blot*. Case 1 has beta described. 1 * 
Clinical features of Case 7 have been described in detaiL' DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jb probe, 
a MO bp Bamtil/Bcctol genomic IL-3 fragment, and an IL-3 
cDNAprobe." 

Northern blots. RNA Isolation and Northern blotting have been 
described/ Briefly, Northern blots were done by separating 9«ig 
total RNA on I % agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidhtm bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from Intron 2 of the IL-3 
gene, a 600 bp Nke l/Hpa I H>5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSr^cDNAprobe. ,0 ' u 

Polymerase chain reaction. Primers were designed with JfomHI 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGOATC<XIACGOTOACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: y-AACAGOATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61 °C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmoi of each primer in 100 pL containing 67 mmol/L 
Tris-HCi pH 8.6, 6.7 mmol/L MgO* 10% dimethyl sulfoxide 
(DMSO), 170 Ag/mL bovine serum albumin (BS A) (fraction V), 



activity. There wee no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our date support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the H-3 genu, 
resulting In autocrine end paracrine growth effects. 
O 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Pcrkin-Elmer, Norwalk, CT). U 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed shTof transcription initiation) 
to ao She I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DN AX Research Institute. 

Expression in Cos? cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 1 * Briefly, the HlnfflS/ 
Sal I fragment containing the IL-3 gene was subdoned from the 
previously .described phage done 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I rite 61 bp upstream of the IL-3 
transcription start to the Sma I site in the porylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos7 
cells by dectroporation, and supernatant was collected after 48 
hours in culture. 

TPl bloassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-gluUmine. and I ng/mL human GM-CSF." Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 mL volume of serial dilutions of 
patient serum was added to wdts in a flat bottom 96-wcU micro titer 
plate. Rat anti-cytoWne rooaoclonaJ antibody in a volume of 25 uL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF- 1 cells were added to each well, 
giving a final cell concentration 'of ] x 10* cells per well, (final 
volume, 100 *L). The plate was Incubated for 48 hour*. The 
remaining cell viability was determined metabolically by the colofi- 
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Flo 1. Breakpoint sequences for Cast 2. Tho O erm0ns loJhS rsglon sequence (protein codlno ronton end rienmMnttu , 
sequences are underlined) Is on top. the trsaetocotloil sequence from Case 2 (PCH primer sequences .nd putative N ro^nT!^?LS!^ 
Is In the mkWJt. and the oermlme IL-3 i^umc^ which wo derived from • normof it-3 done, Is on tho bottom T 7vT~J^^*™ n#d) 
toquonco hot tho oemo nucleotide. Tho Sequence documents tho hoed-te-hebd Job** of tho IU3 and toH oenea. Tho hn^yZ^Z ,!?!!! Vtrl 
gene occurred ot position -834 (•). * •noofeeRpomtm thotl-3 
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metric method of Mosmann using a VMax microtiter plate reader 
(Mofccnlar Devices, Meolo Park. CA) set at 570 and 650 nm." 

Cytokine immunoassays. These assay* used rat monoclonal 
anti-cytoklfto antibodies (10 **g/mL) to coat the wells of a PVC 
microliter .pjate. The capture^ antibodies used were BVD3-$G8, 
JES1-39D10, and BVD2-23B6, for the IL-3, IU5. and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 13 for IL-3, undiluted for IL-5, and undiluted and diluted 
1 :5 for GM-CSF). The detecting inuniinoreagents used were either 
mouse antiserum to IL-3 or nitroiodopbenyt (OT)4crivatized rat 
mcnocional antibodies JBS1-5A2 and BVD2-21C11, specific for 
IL>5 and GM-CSF, respoctivety. Bound antibody was subsequently 
detected with inimunoperoxidase conjugate*: horseradish peroxidase 
(HRPHabded goat anti-mouse Ig for IL-3, or HRP-labcled rat (J4 
MoAb) aati-NEP for IL-S and GM-CSF. The chromogenie sub- 
strate was 3-3*a2ino-Wa.btnzthiaa)Une sulfonate ( ABTS: Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant (actors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Jftndlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
> matdy 14 kb was detected (datanot shown). When rdprobed 
with either of two different IL-3 probes, a rearranged 14 kb 
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fragment, comigrating with the rearranged Jh fragment, was 
identified. When leukemic DNA was digested with HtmWl 
plus ifeoRI, a rearranged Jh fragment was detected at 6 kb. 
The IL-3 probes also identified a comigrating fragment of 
this size. These experiments indicated that the leukemic 
sample studied was clonal and that a single fragment 
contained both Jh and IL-3 sequences, suggesting a translo- 
cation had occurred 

To characterize better the joinmgof the IL-3 gene and the 
immmioglobulin heavy chain (IgH) gene, the polymerase 
cham reaction (PCR) was used to done the translocation M 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product, Case 2 DNA 
yielded a PCR-derived fragment of approzimately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to-head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chroma 
some 14 was just upsueam of the Jh5 coding region. The 
breakpoint on chromosome 5 rjccurrcd 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene. 
We also determined that a putative N sequence of 1 7 bp was 
inserted between tnTchromosomc 5 and chroraosotne 14 
sequences during the translocation event. 17 " Figure 2 shows 
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Rq *. Relationship of chromosome a breakpoint* to tho H-3 eons. This figure shows tho two doned breakpoint* {arrow.) t» r«t*«t« 
tho normal gene.™ One breakpoint occurred at position -4*2 and ths other at -934 (arrows). In both drcuinaln^^ 0 
translocations rssuhsd In a haad-to-head Joining of ths loH gens and tho 0.-3 gens, leevfog the mfWA end protein codlno rooJo^oT^ n4 
gone Intact. Boxes denote tho five U.-3 axons: restriction enzyme* are (8) Bsmffc iP\ Perl. (H)«pet, (E) Fcoftl. .ml \K)Xhol 
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Fig 3- Documentation «* H--3 mRNA over-expreaaJon. A Northern Mot wes prtparad and hybridised with • probe for H-3. Una f 
o plained RNA from unstimulated par Iphoral Mood ryrnphocytes (PBL) ea • negative control. Una 2 contained RNA from PBt aHimdatad for 
4heur* with concanavaftan A (ConA), and tana 3 conuinad RNA from PBL etbmdatod wHh ConA for 48 hour*. A* In tha positive control 
Saw [2 end 3 J, e 1 fcb bwid was Montffl od fat the leukemic sample from Case 1 (lene 4. lower or row), euggeetina. aberrant expression of tha 
•V3 eane. In edition, tha leukemic sample shewed over-exprasaJon of an unspuced ZB kb tL-3 trmnacrfpt (lane 4, tipper arrow). Wa 
efccuinented that this represented en unopOced precursor of the mature 1 kb transcript by showing that this band hybridized to a probe 
«ocn Intron 2 of the IL-3 gene. A similar 2.9 kb band wes defected m lane 2, suggesting that an IU4 mRNA of this si*/ Is sometimes 
ebtectaUe tn normal mhogsn-stlmttlsted calls. Una 6 through 1 0 represent RNA from six samples of E-fineage acuta lymphocytic leukemia 
^afthout the t(5;14) translocation. Indicating that only th s sampla with the translocation axhlbltad tt-3 over-expression. Case 2 could not be 
a»afyzod by Northern blot becauae too faw cafU were available for study. 



tie locations of the two cloned breakpoints in relation to the 
JL-3 gene. The two chromosome 5 breakpoints were sepa- 
s% ted by less than 500 bp. 

Toe genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of theSV40 
jTromotor/ enhancer in the Cos7 cell tine. Cell supernatant* 
vere studied is a proliferation assay using the factor depen- 
cient crythroleokemic cell line, TF-1. The supernatants' 
«ferived from transections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
<data not showji). Furthermore, the biologic activity could be 
locked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2,9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or OM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19 * 20 ' 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, OM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum OM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
five factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or OM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either an ti- IL-5 or antnGM-CSKj^as consistent with the 
inability "to measure these factors by immunoassay and 



Tabta 1 . Peripheral Blood Counts and Growth Factor level* 
at Different Ttma* In Case 2 

Sample Data 





11/15/83 


1/16/84 


3/14/84 


Peripheral blood counts (cetts/jiU 








WBC 


81,600 


116.500 


12.300 


Lymphobtaats 


0 


33,786 


0 


Eosinophils 


46,826 


73.080 


616 


Serum growth factor levels <po/mU 








L-3 


' <444 


7.986 


1.061 


GM-CSF 


<15 


<16 


<16 


1-6 


<60 


<50 


<60 



Peripheral blood counts from Case 2 at three different time points with 
tha corresponding growth factor levels quantified by immunoassay. The 
patiant received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum camples were svailebt* for a eJm&ar 
analysis of Case 1. 

Abt*aviatJoo: WBC. white blood cells. 
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indicated that these other myeloid growth factors were not 
dctcctably circulating in the serum of this patient 

OlSCUSSfON 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5:14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints wfll be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over^xpression of a normal IU3 gene 
product In this work, we have documented that this is true 
In addition, neither GM-CSF nor iL-5 ar 2 over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. 1 The excessive H>3 production that we have 
documented would be one feature of such an autocrine loop 
The final proof of our thesis must await additional data In 
particular, from the study of ado^twnal cubical samples it 
will be necessary to document that the IL-3 receptor b 
present on the leukemic ceils and that antt-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeuticapproach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating II>3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
enneeffects of leukemja-deriyeii 1^3, similar interventions 
may improve this aspect of the disease. Antibodies or 3 
av 8 'UW li8and * to accom P Ush thcse goals may soon be 
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Clinical and Pathologic Significance of the 
c-erbB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John G. Strlckler 



1 



' The o-erbK-2 oncogene was first shown to have clinical significance in 1987 by 

Slamon et ai, w who reported that DNA amplification in breast carcino- 

mas correlated with decreased survival in patients with metastasis to axillary 
v lymph nodes. Subsequent studies* however, of ocriB-2 activation in breast 

\ carcinoma reached conflicting conclusions about its clinical significance. This 

1 oncogene also has been reported to have clinical and pathologic implications in 

? : other neoplasms. Our review summarizes these various studies and examines 

\ the clinical relevance of oerbB-2 activation, which has not been emphasized in 

? ; recent reviews.^** The molecular biology of the c-erbB-2 oncogene has been t 

extensively reviewed* 7 ' 38 - 58 and will be discussed only briefly here. $ 
\ ' . o 

BACKGROUND I 

« Hie oerbB-2 oncogene was discovered in the 1980s by three lines of investlga- J 

1 tton. The neu (mcogene was detected as a mutated transforming gene in 

S neuroblastomas induced by ethylnitrosurea treatment of fetal rats.Ww»™ The c- 

i crbB-2 was a human gene discovered by its homology to the retroviral gene v- 

| erfcB. 3 ^* HER-2 was isolated by screening a human genomic DNA library for 

* homology with v-arfcB." When the DNA sequences were determined subse- 

quently, c-erfcB-2, and neu were found to represent the same gene. 

;t Recently, the c-erfrB-2 oncogene also has been referred to as rVGL, 

J The c-erfeB-2 DNA is located on human chromosome 17q21 w *^ a and codes 

for c-erbB-2 mBNA (4.6 kb), which translates c-erfeB-2 protein (p!85). This 
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protein is a normal component of cytoplasmic membranes. The c-eroB-2 
oncogene is homologous with, but not identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor. ** m The o 
, . eriB-2 protein is a receptor on cell membranes and has intracellular tyrosine 

? <; kinase activity and an extracellular binding domain.** 1 * Electron microscopy 

-][ , with a polyclonal antibody detects o-erbB-2 immunoreactivity on cytoplasmic 

membranes of neoplasms, especially oh microvilli and the non-villou* outer cell 
membrane. 61 In normal cells, immunohistochemical reactivity for o-eriB-2 is 
i l ) frequently present at the homolateral membrane or the cytoplasmic membrane's 

••i brush border. «■* 

There is experimental evidence that tyerbB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c* 
protein can transform a cell line into a malignant phenotype. 1 * Also, 
when the neu oncogene contalniii^a/i activating point mutabon is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
] ; . develop multiple independent mammary adenocarcinomas. ^ w In other experl- 

fr i.- ments, monoclonal antibodies against the neu protein inhibit the growth (in 

H nude mice) of a nett-transformed cell line,**-* and immunization of mice with 

neu protein protects them from subsequent tumor challenge with the neu- 
transformed cell line. 14 Some authors have speculated that the use of antago- 
\ p '} nists for the unknown Ugand could be useful in future chemotherapy. 19 Further 

\j review of this experimen tul evidence is beyond the scope of this article, 

f The c-eri?B-2 activation most likely occurs at an early stage of neoplastic 

. development. This hypothesis is supported by the presence of c-erbB-2 activa- 

ry z y tion in both in situ and invasive breast carcinomas. In addition, studies of 

■:*A metastatic breast carcinomas usually demonstrate uniform c-ertB-2 activation 

}♦ x * at multiple sites in the same patient,"' 11 -* 41 '* although c-erfrB-2 activation has 

;j ; I rarely been detected In metastatic lesions but not in the primary tumor; 117 '® w 

\Vi) Even more rarely, c-erbB -2 DNA amplification has been detected in a primary 

4 ) .» breast carcinoma but not in its lymph node metastasis. 6 In patients who have 

:j| ' bilateral breast neopksms, both lesions have similar patterns of c-erfeB-2activa- 

jJU ... tion, but only a few such cases have been studied." 



h 

' v ; MECHANISMS OF c-erbB-2 ACTIVATION 

; : t\' 

l*J'} Themostcommon mechanism of c-erbB-2 activation is genomic DNA ampliRca- 

\r : ; | tion, which almost alwr.ys results in overproduction of c-erjbB-2 mBNA and 

1 5 . protein. 1 '' 34 *"* 81 The c-eW;B-2 amplification may stabilize the overproduction of 

ijilj V mRNA or protein through unknown mechanisms. Human breast carcinomas 

:| f, ■: with c-er&B-2 amplifier tion contain 2 to 40 times more c-erbB-2 DNA*' 8 and 4 to 

!( ;: I 128 times more c-erbB-2 mRNA* 90 than found in normal tissue. Most human 

Si 5 j breast carcinomas with o erfcB-2 amplification have 2 to 15 times more o-erl>B-2 

j| J DNA. Tumors with greater amplification tend to have greater overproduce 

* : tion. 11 ^ 86 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfeB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

Hie second most common mechanism of c-eriB-2 activation is overproduc- 
tion of c-erAB-2 mBNA and protein without amplification of c-erbB-2 DNA 81 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. The c-erbB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cefl lines,* 

Other rare mechanisms of c-eriB-2 activation have been reported. Translo- 
cations involving the oerbB-2 gepe have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic hransiocarjons.^^H^Mi 'A single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethytaitrosureeu** The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane- Although there has been specula- 
tion that some of the amplified c-erfcB-2 genes may contain point mutations," 
none has been detected In primary human neoplasms. J1 » 8X51 

TECHNIQUES FOR DETECTING C-ert>B-2 ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of c-er&B-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restrictioo 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erbB-2 DNA probe. In both tech- 
niques, c~erf>B-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of oerbB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells,* 1 Second, the c-«rbB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide c- 
erfcB-2 probes may not be sensitive enough for measuring a low level of c-erfcB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erAB-2, to correct fur possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 5 -« s,1 ° with rare exception. 11 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is ^ 
deleted occasionally in breast carcinomas. 3 \ 
Amplification of c-erbB-2 DNA was assessed by using the polymerase j 
chain reaction (PCR). in one recent study* Oligoprimers for the oerbB-2 gene 1 
and a control gene are added to the samples DNA, and PCR Is performed. If ] 
the sample contains more copies of c-ereB-2 DNA than of the control gene» the ■ 
c*erbB-2 DNA is replicated preferentially. | f . 

Detection of c-erfcB-2 mRNA Overproduction H t 

Overproduction of c-erbB-2 mRNA usually is measured by RNA dot blot or I 

Northern blot hybridization. Both techniques require extraction of RNA but \ 

otherwise are analogous to DNA dot blot and Southern blot hybridization. Use j 

of PCR for detection of mRNA hflLCfeeen described in two recent '< 

abstract*.* 10 * 

Overproduction of c-crbB-2 mRNA can be measured by in situ hybridize- *: 

tion. Sections are mounted on glass slides, treated with protease, hybridized $ v 

with a radiolabeled probe, washed, treated with nuclease to remove unbound j* 1 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce oerbB-2 mRNA. Negative control probes are 

used a- 88 - 108 Our experience indicates that these techniques arc relatively inseruri- £ 

tive for detecting oerbh -2 mRNA overproduction in routinely processed tis? 5 

sue. Although the sensitivity may be increased by modifications that allow f>. 

simultaneous detection of c erbB-2 DNA and mRNA, in situ hybridization still | * 

is cumbersome and expo i s i vc { u n published data). £ • 

All of the above c-er#B«2 mRNA detection techniques have several prob- | ■ 

lems that make them more difficult to perform than techniques for detecting |* 
DNA amplification. One major problem Is the rapid degradation of RNA in * | 

tissue that is not immedi; ely frozen or fixed. In addition, during the detection |M 
procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must j 

be eliminated meticulously' from laboratory solutions. Third, control probes to J V 

genes that are uniformly expressed in the tissue of interest need to be carefully J j 

selected* 1 " §\ 

Detection ol Protein Overproduction ! 

Tbe most accurate inetlu, Js for detecting c-erAB-2 protein overproduction are h{ 

the Western blot meihou .;»d immunoprecipitation. Both techniques can docu- | j 

ment the binding specifi :.ty of various antibodies against c-eriB-2 protein. In. | \ 

Western blot studies, pa. *sin is extracted from the tissue, separated by electro- | ' 
phoresis(acoordingtosi zL , transferred to a membrane, and detected by using an- : 

Ubodies toc-erfcB-2, In no precipitation studies, antibodies against c-er&B- % \ 

2 are added to a tumor \y^i v. , and the resulting protein-antibody precipitate is . | ' 

separated by gel electron 1 tresis and stained for protein* Both Western blot and | 

imxnunoprecipitation are .tcfui research tools but currently are not practical for | ; 

diagnostic pathology. T\ r»cent abstracts have described an enzyme-linked 1 1 

immunosorbent assay {E A) for detection of o-crfcB-2 protein. ^ s 
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Overproduction of c- * 
immunohistochemicul tee: 
results, which are explaii 
studies have used differs 
some polyclonal antibodies 
protein band on Western 
studies should be interpret 
bodies imraunopreupitatt 
Second, tissue fixation cot-' 
some antibodies detect c- 
in fixed tissue. In getu 
Immunohistochemical nu 
When Bouin& .fixative is 
cases. 1 * Third, minimal cj 
are generally lacking. Alt 
cytoplasmic membrane s. 
.carcinoma, the number n 
diagnose o-enbB-2 protci, 
antibody to antibody. Dc 
it can be detected in is. 
without fixation or freezi 



.V.-2 protein is most commonly assessed by various 
.: uies. These procedures often generate conflicting 
at least partially by three factors. First, various 
S polyclonal arid monoclonal antibodies. Because 
recognize weak. bands in addition to the c-erfcB-2 
blot or immunoprecipitatlon, the results of these 
A with caution.** 3 * 47 '" Even some monoclonal ariti- 
prutein bands in addition to c-erfcB-2 (plSS). 3 * 8 * 88 
1 i:t es to variability between studies. For example, 
-2 protein only in frozen tissue and do not react 
/ormalin fixation diminishes the sensitivity of 
( s and decreases the number of reactive cells.* 1 '* 
-.5. there may.be a ^ig^t* percentage of positive 
t-'ia for interpreting lmmunohistochemical staining 
,h there is general agreement that distinct crisp 
ug is diagnostic for c-erfcB-2 activation in breast 
Mtive cells and the staining intensity required to 
, nnJuction varies from study to study and from 
'on of c-^rbB-2 protein is not a problem because 
\nn more than 24 hours after tumor resection 



ACTIVATION OF c-erb> 



> a EAST LESIONS 



Incidence of e-erb B-2 
Most studies of c-e re- 
types of infiltrating breii.- 
in 19.1 percent (5iy or 2 
oerfcB»2 mRNA or protc 
52714) of invasive carcij^o 
fcinfrB«2mRNAorproteii < 
that lacked c-erbB-2 l3iN 
. The incidence ofc-t 
with the histological sub 
ing ductal carcinomas 1 
data. Other variants of 
inflammatory caret no 
11), and medullar) cares 
tion is infrequent in ii 
tubular carcinoma (7 pc 
The c-erfcB-2 protc. 
ductal carcinomas in sit 
48 of 72). The micrupaf 
<serfcB-2 activation/ 0 "- 



.on 

■one activation do not specify histological sub- 
. una. Amplification of c-erfcB-2 DNA was found 
. .M^usive carcinomas in 25 studies (Table 1), and 
-r, -reduction was detected in 20.9 percent (566 of 
in 10 studies. Twelve studies have documented c- 
■ reduction ih 15 percent (88 of 604) of carcinomas 
i.ication. 

v'Jvation hi innltruting breast carcinoma varies 
proximately 22 percent (142 of 650) of infiltrat- 
, -jiJ-2 activation, as expected from the above 
cinomn with frequent o*riB-2 activation are 
. jnt, 54 of 67), Paget's disease (82 percent, 9 of 
: percent. 5 of 23). In contrast, c-erfcB-2 activa- 
n : lobular carcinoma (7 percent, 5 of 73) and 
i 15). 

. oduction is present in 44 percent (44 of 100) of 
-daily comedocaxcinoma in situ (68 percent, 
• 'f ductal carcinoma in situ also tends to have 
II • If larger cells are present. The greater fre- 
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quency of c-eri&-2 protein c 
pared with infiltrating due: 
many infiltrating ductal care 
noma, which show c-er&B 
that carcinoma in situ witli 
srbB-2 activation during pr« 
components of ductal cuxch. 

activation," 39 althou, 
. the immunohistochemlcal s 
noma. Activation of.c- 
lesions contain more than 
erfrB-2 protein overprodu t 
but may include other an . 
er&B-2 protein in ductal en. 
periductal lymphoid inflltj 

Activation of c er^B . 
including fibrocystic diseAs* 
membrane immunohistoch * 
In atypical ductal hype rpta 
has been noted Infrequej 
diploid, and c*erbB-2 is ex; 

These preliminary du 
for resolving many of the o 
example, c-erfeB*2 activat; 
In addition, became c-ertl 
cribriform carcinoma in si t ; 
2 activation in these lesion ; 
histological feature s of co i . 
c-erfcB-2, are unlikely to 



eduction in comedocarcinoma in situ, com- 
.-noma, could be explained by the fact that 
> iu ise from other types of intraductal card- 
.ttion infrequently. Others have speculated 
er ;-2 activation tends to regress or to lose c- 
■« ">n to invasion. 40M ' M Infiltrating and in situ 
. ever, usually are similar with respect to c- 
c authors have noted more heterogeneity of 
saltern in invasive than in in situ card- 
infrequent in lobular carcinoma in situ, If 
( ;lcnl pattern of carcinoma in situ, the c- 
c*. to occur in the comedocaif^nonia in situ 
)i n.-i'norna in -situ.* 2 - 5 *- 64 Overproduction of -c- 
c in situ correlates with larger cell size and a 

. ,>een identified in benign breast lesions, 
:nomus. and radial scars (tihU 2). Strong 
. .tlvity for e-crbR-2 has not been described 
• '.ve: ; accentuation of membrane staining 
uor«..al breast tissue, DNA is 

vcr ! ;vels than In activated tumors. wJMS.es 
c cr activation may not be useful 
i , i u jt i .% ii \ d i agnos tic surgical pathology. Tor 
entin tubular carcinoma and radial sours, 
n is i:., usual in atypical ductal hyperplasia, 
v k rcinr»ina in situ, detection of c-eriB- 
. :1; ".! in their differential diagnosis. The 
: u, svhich commonly overproduces 
f >r . jc of benign lesions.- Activation of 



. TABLE 2. o-eroB»2 ACTIVAT. 



Hlaiotogjcal Diagno sis 

Fibrocystic disease 
Atypical ductal hyperplasia 

Benign ductal hyperplasia 
Sclerosing adenosis 
fibroadenomas 

. Radial scan 
Blunt duct adenosis 
•Breast maatoste" 
•Shown oanuffibsroi casos v.un \. 



; jhEAST LESIONS 



.1^2 mRNA 
reduction 



C/CP* 



c-e/&&-2 ProtBln 
Overproduction 



0/32,»0/9«Q/8» 

2(weaky21," 

1(cytoptasmloyt3» 

0/12" 

0M» 

0/21 

a/B.»0fc« 



fuierurcB ts given as a «vp«C8CrtpL 
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oerfrB-2, however, doe 
lobular carcinoma. Fiirt! 

Correlation of c-erb&- 

Mu triple studies have ut 
pathologic prognostic fa-., 
with lymph node rnetast 
of 17 series* and with hi 
associated with c-crkH-f 
content and low prolife 
prognostic factors ami :;. 

Correlation of c-erbB- 
Various studies have atte 
features that may preii 
correlated with absence 
sence of progesteruiu- r- 
did not correlate wii.i . 
eriB-2 activation w t . 

Correlation of c-or: : 

Slamon et al 7 ** 1 firit :>•;. 
pendcntly predicb 
correlation of oet hi, l 
the correlation of i . j . n !: 
etal also report cc! 
.tor only in patient. . » 

A large numb , 
activation with pro ' in , 
tween c-erfcB-2 a- . i , 
of these series, th • 
independent of o n 
the correlation of 
explanations for t>, 

One probleti 
mainly inpatient 
studies of patients with 
c-erbfi»2 activate 
without axillary . 
outcome. Tabic (■ 
out axillary met 
studies with ah 
between c-artB- 
evidence suggest 
with metastasis u. . e 



... ti\ ctal carcinoma over infiltrating 

cs **' sea would be useful. 

. thologtc Prognostic Factor© 

-■-crbB-2 activation with various 
don of c-erbBr2 was correlated 
:h higher histological grade in 6 
: ics. Large tumor size was not 
• s (11 of 14). Tetrapioid DNA 
m \'.-G7, have been suggested as 

. . 2 activation.*- 7 

.cal Prognostic Factors 

.-crMi-2 activation with clinical 
ile A). Activation of c-ertB-2 
v v .-. 10 of 28 series and with ab- 
l In most studies* patient age 

u in the rest of the reports, c- 

jer or older ages. 

nt Outcomo 

i\u: c-*:r&U-2 oncogene hide- 
; wirh breast carcinoma. The 
itcorriri was nearly as strong as 

s with poor outcome. Slamon 
important prognostic indica- 

,0] 

cmp ted to correlate 

there was a correlation be- 
> r decreased survival. In five 
i ctiv.iiion was reported to be 
i$t, 38 series did notconfirm 
nee i r survival. Four possible 
.ow. 

n correlates with prognosis 
summarized in Table 5, most 
stasis showed a correlation of 
»ast, most studies of patients 
i J (v imitation' with patient 
h a!l t a: cnts (with and with- 
er u*. ,>. There Is a trend for 
a sc., ,o show an association 
. Thr . most of the current 
gnostic value only in patients 
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TABLE 8. CORBEL A OUTCO VIE IN PATIEKTS 

WITH BREAST CAR 





Typ^c 

Activ 


tfo 
jfas/i 


Statistical 


Reference 


<o.os 


ONA 




M 


87 


<0.06 


DNA 






80. 


<0.06 


DNA 




u 


66 


<0.06 


ONA 




u 


89 


<0.05 


mRNA 




U 


88 


<0.05 






M - 


10V 


<0.05 


ONA 




M 


81 


<0.05 


ONA 




'J 


17 


<0.08 


DNA 




U 


87 


<0.O5 


DNA 




M 


79 


<0.O5 


Prote j y 




M 


6$ 


<0.03 


Protoin 




U 


101 


0.0&-O.15 


ONA 




U 


111 


0.05-O.15 


PfOte'n 




M 


82 


04&-O.16 


Proto 




U 


68 


>0.15 


ONA 




U • 


113 


^0.16 


DNA 




M 


4 


>0.15 


ONA 




u 


44 


>0.1S 


mRft 




J 


50 


>0.1S 


Prote , 




M 


6$ 


>0.15 


Protein 




U 


11 


>0.15 


Prote'n 




U 


3* 


>0.15 


PfOt* 1 




u 


17 


>0.15 


DNA 




A 


81 


>ai5 


ONA 




u 


f/ 


>0.15 


DNA 


73 


u 


87 


>0.15 


Prol 9j 


78 


'J 


88 


>0A$ 


Protb 


92 


: J 


17 


>0,15 


Proti 


-1 


" J 


88 


>0.16 


Protcn 


41 


J 


40 



endpotats of tho ■ *■ s wfvivttl of iwu\ zerrDtalton botwtart o» 

tctfvston and • i- at <0.0i. is * aqufcocal'tlgrtffictnot 
fllO.Ht»<M6,indi h 

•Shown m ratable r. . m Wo^ trw <,iner protein afttfta used 
fflrMnunDhhtocfiMnk a i ; 
*M - muRivaricte stat! * 
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TABLE 0. PERCL 
WTH PROGNOS . 



% of tumors with 
lywph nods 
metastasis In 
each study 



PtorcwTctaBoootc 
Each itud/a p#rce 
trt>&& acttefton ant. 
ewtoarpasenta, whe 
tie totypttofc-ert 
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vrrn metastasis compared 

MTIOM 



} 64(DNA}'> 



64<mftNA)«> 
«1(DNA)« 



66 (DNA)* 

67 (DNA)'« 
55(Protelnj» 

48(Proieln)" 
46(Proteln)« 



42{PfOtein}« 



p>o:i6 



-mpa/od witn m» oomrfafioo bthmn o* 
> !h ai cons w &/ cd, a* one groyp, afl breast 
cflptB are fyj ralaranoaa- In p 

iblel 



A second » 
together in m^i ; 
c-erbB-2 active 
infiltrating due 
srfrB-2 activati 
inflammatory b 
erfcB-2 activate 
noma, but it Is ; 

A third pot 
c-«r&B-2activn 
metastasis. TV. 
metastasis who 
and absence o: 
recurrence. 23 - 87 
no association I 

A fourth r 
correlates bett 
overproductior 



reast carcinoma are grouped 
.-rent literature suggests that 
inoma, studies that combine 
> t c the p rognoa tic effect of c- 
.nost s» uies do not analyze 
mdition frequently shows c- 
n the usual mammary card- 



dies th»t attempt to correlate 
s of bre> st earcinocna without 
•>atiei\U without lymph node 
nee (such as large tumor size 
rexpre -m predicted early 
* situ, . i. 3 small study found 
aB-2 activation.^ 
ling whether the prognosis 
■n or with mRNA or protein 
n b et v > c n c^e rfcB-2 actiYa- 
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Hon and poor patient on . 
and breast carcinoma pa . * 
poorer survival. ™- tl Rccc c; 
tic power than overproc 
overproduction without I 
studies have attempted a 
overproduction, and ma: 
tively less reliable met) 
clonal antibodies. 

Comparison of e-orbB > * v 
Breast Carcinoma 

Other oncogenes that ro; * 
are reviewed elsewhere 
between the elm leal re It . 

The c-myc gene is c 
tion generally has less p; . 
One study found a com; 
myc, although other repr ^ \ 
however, could demons i t 
more prognostic import ;i 

Tlie gene oerfcB-1 
homologous with c-erbh 
Overproduction of ECK 
and may correlate with n 
eriB-2 and ECFR in tru 
poor prognostic factors 
amplification of o*rfcB-2 c 
although at the molecu! 
protein. 5Utt * 1 - M > 4oe Recei. 

The genes c-crbA aj 
tor, and they are located 
are frequently coaznpltf 
c-erfcA expression in br^ 
tant role for this gene in 
without ear-l amplificat 
similar to tumors with t 
c-erbB-2 amplification s« 
orecr-1. 

Other genes also h 
carcinomas. One study f; 
2 mBNA and increased 
and Ki-ros."* Allelic de 
breast carcinoma, « but i» 
studies hive suggested . 
breast carcinoma and ac 



A amplification (Table 5), 
ion of c-erbB-2 may have 
'nation has more prognose 

significance of c-*r&B-2 
>'urther c search. "< a Few 
■e with i>-er&B-2 raRNA 

o verp rid action use Teltt- 
mical studies with* poly- 

tcogei *3 In 

. in.hu- .in breast cancer . 
trietec to a comparison 
her or rogenes. 
omas, out c-myc activa- 
j B-2 ac, i vation . w.h,77^7.» 
■UN As o. c-eriB-2 and c* 
136 Sub ^quent research, 
mas in .vhich ornyc has 

tor n .ptor (EGFR) is 
inb. st carcinomas. 7 * 
:ntl> ;nn amplification 
Huvl xamined both c- 
trong.- correlation with* 
- no co relation between 
i of c-t. ' ii-2 and EGFR, 
phory; lion of <ser6B-2 
cast r <;l noma. 44100 
hyro lorrnonerecep- 
osom 4 7, These genes 
.lom The absence of 
ieucv gainst an impor- 
ts oft ;r£>B-2 can occur 
-■urea 1 survival that is 
catlo, Consequently, 
i amp cation of oerbA 

3-2 .a« atlnn in breast 

veen : r eased c-erfcB- 

gro*. factor chain A, 

a }, ,&r prognosis in 

irbll* ctivatiou. Some 

stag r recurrence of 

eoger ..u.us 



ACTIVATION OFc 

Incidence of c~er* 
Table 7 summarize, 
detected, usually w 

TABLET. PRESENCE 
NORMAL HUMAN TU 

TtetiStsWIth 
©■eroM Tist 
mHMA c 

Skin* Epkk 
Exter. 
Eccrtn.. 
FeiaJ i 
Fou.» 

. Stomach** sio/r. 

FeiaJ 

Jejunum* 4 Smai 
Oolon« Coio, 
KKney» Fgu 

Fetal v 

Distal 

FeU 

Feb 

FeWv 

' Par, 

• . Phi 

of . 

Umg* v FeUi 
Feu 

B<c 

Fattf brain" 

Thyroid* 
Uterus 

Bio: 

Placentti" 
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Y TISSUES 

jmary '.issue* 
oerbB-2 expression has been 
tethods using polyclonal anti- 

AOR>* *>B 2 PROTEIN IN 



ng Tltiueu lacking 

A c-ort>&-2 Protein 



Po ;*3'.ai oral mucosa* 
Po ..kjial esophagus" 



Qk wrulua* 3 

Po . .a> ai Bowman's capauto" 
Po:.ifvaiai proxImaJtubute* 

Pc vJ cc4i9cting dud 8 * 
Pc .latul renaJpaMs" 
Pi iBtaJ teiaJurater* 



Po. ..idlaJ t/achoa" 
Pc ..Val bronchioles 8 * 

Pt .utaj bfair»« 

u.stalgangfionceWs* 



A .j^calcafis* 
P . . I fr/mus* 
F \.sts« 
S \*\ musde cote** 
Ct« Jiac muscle cells* 2 



*TWt pertain etixly use 
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bodies. Only a few a* "ies ' 
demonstrate convinci -< 
graphs. The interpret 
caveat that these fin ■': 
Western or RNA blot 
epithelium of the gas. 
erbB-U protein in otii isa* 
techniques. 

The data on 
should be Interprets c . 
been studied, usually 
bodies. Studies uslnf- 
induce amplification : 
' been documented for 

Activation of c -» 
ovarian carcinomas in t Jul & 
carcinomas contained -ni r 
epithelial malign an c 3 
carcinomas had c-erl 

Activation of c~« 
gastric adenocarcinu. 



\nd some <:,' ..icse do not 
in the pi.. Ashed photo* ' 
ver, -arc i: .cd, with the 
• immun.. i.ecipitadon or 
oecn idcu ';<jcI in normal 
discrepancies regarding o 
■it in part, .ilfferences in 

ion-mamir neoplasms 
! nu m be r .» mors have 
nds nsinp y clonal antl- 
beciius.* • .,1 culture can 
ies, alth - .this has not 



12 percei t " * of 203) of 

s tract* 6 sUi. • . that ovarian 

>rotetn thn? /arian non* 

it 12 jict of ovarian 

•ficatio : 

perc. . < of 198) of 

^ pc \l of 64) of 



TABLE $, t*l*B-2 AC . TUMORS' 



q-er&C- OO/dB-2 

mrN Protein 
c ; over- 
Tumor Ty pro. production 



Ovary— carcinoma, net ?;. 23^73,^ 

specified 38/72" 



Ovary—serous (papoian/ — 

jOvaiy^fidometriokjco 4 - -i* 

Ovary — mucinous cardrx, - — 

Ovary— dear celt carclru • — 

Ovary — mfredepHhelia! — 

Ovary— endometrioid b. — 

Ovary — mucinous bore, — 

Ovary— serous cystade v. — 

Ovary— mucinous cystac! — — 

Ovary sclerosing atrur. — 

Ovary— flbtotheooma — — 

Uteru s - ■ endometrial ad*, i — 

•Shown as number ol ca.« npiu *>:of --j; referent* b 
O^an as BupersodpL aj^ pr: 
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intestinal or tu! uL 
subtypes (Tabic ri 
281) of colorec 
study detected 
tfon. One stud, j 
protein in color. ,v 
using Boulns fi. 
sive carcinoma » 
eriB-2 protein 
nomas (46 of 63 
some of these * 

'TABLE 9L c-erfcB~ 



Esophagus— squr. 
Stomach— carcinc, 
Stomach— adenoc. 

Stomach— card r>o, 
Stomach — carclne 
Cotorectun*— care. 

Coton— villous ad 
Cotorv-^tubutoviiio 
Colon — hibulo/ ad* 
Colon— hyperplesf 
Intostlna — tetomyc . 
Hepatocellular ca;c 
Hepatoblastoma 
ChoJanglocardnon 
Pancreas— adenc 
Pancreas — acinar 
Pancreas—clear c 
Pancreas— targe c 
Pancreas— signed < 
Pancreas— chronic 

•Shown as number o! 
2mRNA. 

Thauw ftxed tn Bol 
c OtiVcm«$ whh dls:; 



'.7)ofdi 


i" siznet ring cell 


n c!etf 


. 2 percent (6 of 




lohistochemical 


iissues 


in Bouin's solu- 


viiical 


itv for c*€ffcB»2 




mnj epithelium, 


*ure.s a.. 


, •* cssion to inva- 




reacttvityforc- 


1 1-1 'r«v 


it* • 
cholanglocajrci- 


.St W'l 


i one study; but 


0' 


tuning, which 


. cST INAl. 


ORS» 








PTOtein 




Over- 




production 


> 






4/27.»ano« 






• 


4/4S» 








19/10» 












46/63" 




Z/BO.^0/2* 1 




0/1 « 




<V2«* 




0/3«' 




0/1« 




OW* 


tw 


studied; referenoa Is 








ijctlon. 
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TABLE 10. e-erpP- 

Tumor TVpo 

Non-ema8 cafl card.' 
EpWwmoJdcardnon 
Adenocarcinoma 
Laro^eeRca/ctoorr,; 
Small cod carclnonv 
Cardncrfd tumof 

•Shown MdtmtMr of c 
8NW)«3flUp«fttC^t Al 

2mRNA. 



■iMor. 



oeft>B-2 
Protein 
Overproduction 

26 ,«Q/3» 

>i»a; referonotb 
af/tod for 04/68- 



does not indicate 
otic carcinomas 
chemical reactivi 
atlc adenocarciuL 
Table* 10 th 
neoplasms. The 
Activation of c-t\ 
non-small cell a 
found c-eriB-2 r 
noma had c-erbh- 
Hon of c-erfcB-2 
urinary bladder, 
cell carcinoma o 



the r 

•g. 1 
.jB- 

;.i D i 

one uu 

^ of IT), 
r sU 

.uil Ci 
clJ 
In 



•ome pancre- 
nmunohisto- 
*.e of pancre- 

Uon in other 
ese tumors. 
A pulmonary 
jual report* 
.ul cell card* 
Overproduc- 
j noma of the 
:na and basal 
Is not clear 



TABLE 11. c-e/£>8 



Tumor T y» 

Hematologic ma!lgr. 
Malignant lymphorm 
Acuta (oukemla 
Acuta lymphoblastic 
Acuta myetoWasUc i 
Chronic leukemia 
Chronic fymphocyik 
Chronic myelo9Bt>ou.'i 
Myeloproiflerativo ci . 

•Shown as number a M 
given u tUporaoipi. aj, - y 



AC 
SNA 



o*etoM 
Protein 
Over- 
production 



0715" 



c-e/t>? 
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TABLE 12. wru OPT \ , AND BONE* 



-2 or 
;ica(u 



Or 
n 



'Shown isnumbor ot jir*»r o htuified; raiwnn is 

gVin as superscript f 2 prote'- 



whether the ] 
carcinomas biu 
One abstract. d( j 
salivary gland pi r 

Correlation of 
Very few stu-'j 
raamtnaxy tuino 
tionorovere*pi .< 
especially wlu c 
stage, histologic d 
study of stages \t 
decreased jurviv 
vtvalandhistolo 
duction in .10 • 
disease-free int. 

TABLE 13. c-c 



Tumor ^ r 

Kidney — rena) t 
Wilms' tumor 
Prostate— aderx' 
Urinary bladder 



f nor Win. 5 * Thyroid 
rbb-2 mRNA. 
: Ln one of ten 



.ulc 

r/>B- > ation in non- 

dt!i amplifiea- 

•s wit]. :;ased survival, 

r, il not report the 

»c* ■ asms. Another 

j a ation between 

on, ') I between sur- 
r o t ein overpro- 

n-rci vith decreased 

nd iminunohisto- 

iRACT* 

c-er6M 
^ . Protein . 

- ' Over- 
production 



0723" 
1/43» 



•Sbcwi «* nvmix. , 
qKw> at eup#rscf , :.. 



Veiled; retowwo to 



) 
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TABLE 14. c+rbL 



TUmer T* ;u 

9Wr\ haad and noc 

eel carcinoma 
SBe n« stated— sr 

carcinoma 
Salary gland— adtnoc* 
Pa/otid gbnrf— ader,./Kj u 

carcinoma 
• Thyroid an apUsti . 
Thyroid— papillary t .»r 
Thyrotd— adanoca; 
Thyroid— adanoma 
Neuroblastoma 
Martngkxna 

•Shown ai numbaf 0/ c 
fijvan as superaoript Ai ,.rut 



.oduct 



'avateJ/B' 

vela)/? 



Protaln . 
Ova* 
production 



0/10» 



0/1« 



' oJ web mj ; rrtoranasb 



chemical reactiv 
tatic adenocam . 
other neoplasms 



higher icsufpros- 
v -irlan nomas arid 



SUMMARY 

Activation of th< 
DNA andbyovc 
mately 2Q pcrce 
which correlates 
axillary lymph ru 
Hon with other pi 
conclusions. The 
other neoplasms 



t >llflcati 
vB-2 pp 

its wi 
.late 

rep i. 
.-crbK- 
itional 



f c-gri>B-2 
Approai* 
activation, 
^astasia to 
B-2activaP 
cunfltoUng 
i vation in 
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